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Abstract
Objective: The ISO TC94 SC6 Committee for Eye and Face Protection requested that the National Institute for Occupational 
Safety and Health (NIOSH) develop standard headforms for possible incorporation into ISO standards.  The objective of this 
study was to develop headforms representative of workers throughout the world for testing eye and face protective devices. 
Methods: The 3D scan data for 1169 U.S. workers and 350 Chinese workers were analyzed to define the variation of the 
dimensions that are important to eye and face protective devices using 3D processing techniques. Measurements for 317 Japanese 
workers were also obtained from the National Institute of Advanced Industrial Science and Technology (AIST) in Japan for 
comparison purposes. Fourteen existing headforms were compared to determine their representation of the world’s working 
population. Included were five sizes to represent U.S. workers and five sizes for Chinese workers, two EN 168 sizes, and two 
Japanese headforms.
Results: The largest head shape variation among the U.S. workers is between a small female head and a large male head. When 
comparing the average head for each dataset, the U.S. average is larger than the Chinese average except in the cheek areas. This 
is also true when comparing the U.S. average to the Japanese data. Comparisons revealed that the existing NIOSH small, medium 
and large headforms can cover the world population variation very well. The Chinese small, medium and large headforms can 
also represent Japanese workers. However, the ear positions for the NIOSH and Chinese headforms were not representative of 
the population data. 
Conclusions: New headforms were developed by revising existing NIOSH and Chinese headforms. Designers and manufacturers 
of eye and face related products such as safety glasses may need to consider the differences between U.S. and Asian workers.
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1. Introduction
The National Institute for Occupational Safety and Health (NIOSH) was approached by the ISO TC94 SC6 
Committee for Eye and Face Protection with a request to assist with the development of standardized headforms to 
be incorporated into future ISO standards.  The objective of this study was to develop the minimum number of 
headforms necessary to adequately represent the working populations of the world.  In 2003 NIOSH conducted a
survey of workers in the United States that collected head and face shape data as well as 3 dimensional (3D) scans 
[1].  This data was later used to develop standardized headforms for respiratory protection [2, 3]. NIOSH also 
participated in a study leading to the development of headforms that are representative of the Chinese workforce [4, 
5].  The data from U.S and Chinese populations as well as data received from the National Institute of Advanced 
Industrial Science and Technology (AIST) covering the Japanese population were analyzed and compared to 
fourteen existing headforms.  
2. Methods
A set of eleven anthropometric measurements of the head and face were selected by the ISO TC94 SC6 
committee to define the dimensions important to eye and face protection devices.  These measurements are 
bizygomatic breadth, interpupillary distance, nasal root breadth, minimum frontal breadth, morphological nose 
breadth, anatomical nose breadth, nose bridge length, inner canthal distance, outer canthal distance, and the vertical 
and horizontal distances from the apex of the eye to the top of the ear where eye glasses would rest (Figure 1).  The 
first five measurements are also used by NIOSH to describe facial dimensions for respiratory protection and 
therefore were part of the traditional (manual) measurements contained in our databases.  The remaining six 
dimensions needed to be measured through the use of 3D scans of individuals that have been previously collected.  
Two methods were used to ascertain the range of face and head sizes that exist in the population.  Method 1 involved 
the direct measurement (traditional and digital) of individual workers.  Method 2 used only digital measurement of 
3D models created from the worker databases using 3D processing software.  Finally, the measurements were 
compared to the dimensions of existing headforms used for protective equipment testing.
             a)  
                                     
(a) Outer Canthal Distance
(b) Interpupillary Distance
(c) Inner Canthal Distance
(d) Nasal Root Breadth
(e) Bizygomatic Breadth
(f) Morphological Nose Breadth                                                b)
(g) Vertical Distance from Eye Apex to Top of Ear
(h) Horizontal Distance From Eye Apes to Top of Ear
Figure 1. (a) and (b) Facial Measurements
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The first approach, Method 1, was to measure the dimensions of individual workers.  NIOSH currently has two 
databases of 3D scans of United States workers containing 1039 and 227 individuals, respectively, as well as a 
database containing the scans of 350 Chinese workers [4, 6]. The 1039 scans of U.S workers and the 350 scans of 
Chinese workers were collected using a Cyberware rapid 3-D digitizer (Monterey, CA, USA).  The set of 227 scans 
of U.S workers was collected using a 3dMDcranial5 System (3dMD LLC, Atlanta, Georgia).  Measurements of 317 
Japanese individuals were obtained from AIST in Japan.  Measurement of U.S. and Chinese workers was done by 
importing their 3D scans into the IMInspect module of PolyWorks (InnovMetric Software Inc., Quebec, Canada) to 
manipulate the surface. The Frankfort plane was aligned for each individual to create a reference configuration 
allowing for consistent measurement of the vertical and horizontal distances from the apex of the eye to the top of 
the ear where protective eyewear would rest.  The Frankfort plane is found by passing a line through the right tragion 
and the lowest point of the right eye socket.  Using PolyWorks, points were placed at the appropriate landmarks for
measuring the six unknown dimensions.  Using a basic measurement function the point to point distances were 
measured and recorded.   The 3D scans of the 1039 U.S. workers that were collected using the Cyberware scanner 
did not yield good data for the eye apex to ear measurements due to artifacts from movement during scanning or 
from hair covering the ears. The 3dMD system provided better 3D scan data for the purposes of this study, and 
therefore the database containing the scans of the 227 workers was also used to represent the U.S. workforce.  The 
first five measurements were part of our databases and were taken for all 1266 U.S. workers and 350 Chinese 
workers.  The last six measurements were taken from 75 workers from each of the two U.S. databases and 75 from 
the Chinese database.  The data collected from Japanese workers only included four of the desired measurements.  
The other measurements could not be made because there was no 3D scan data.
A second approach, Method 2, was devised to gather a set of data that would accurately represent all the 
workers in the database.  Using our Shape Analyzer software, two sets of headforms were created to represent U.S. 
workers and Chinese workers.  This was done by combining the 3D data from all available scans to form one head 
and adjusting the first five principal components [3, 6].  Some 3D scans were unusable for this method due to scan 
defects such as artifacts from movement.  From the two U.S. worker databases 945 and 224 scans were usable for a 
total of 1169.  All 350 Chinese worker scans were usable.  The first five headforms were created by setting all five 
principal components to 5%, 25%, 50%, 75% or 95%.  Next, principal components two through four were set to 
50% and principal component one was set to 5%, 25%, 75% and 95% yielding four headforms of varying size.  This 
process was repeated for the other four principal components giving 20 headforms of varying sizes.  In total, 25
headforms were created from the U.S. database to represent the U.S workers and 25 from the Chinese database for 
the Chinese workers.  These headforms were exported from the Shape Analyzer software and imported into 
PolyWorks for measurement.  The same procedure was followed for placing points and taking all 11 measurements.  
The 3D models of existing headforms were measured for comparison to the data collected through Method 1 
and 2.  The same process was followed in PolyWorks to place points and measure the distance from point to point.  
There are five standard NIOSH headforms and five Chinese headforms created for testing respiratory protective 
devices.  For each, the five sizes are small, medium, large, short/wide and long/narrow.  Also included in the 
analysis were two Japanese headforms received from AIST, a male average and a female average, and two 
headforms, small and medium, designed for the EN168 standard.  
3. Results
The findings from Method 1 are summarized in Tables 1-3.  The database of U.S. workers contains individuals 
from four racial/ethnic groups [Caucasian, African American, Hispanic, and other] and all are between the ages of 
18 and 65.  The Chinese workers are all between the ages of 18 and 66 and are from five different regions across 
China.  The survey of the Japanese population contains individuals ranging from the age of 18 to 84. 
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Table 1. U.S. Workers Summary Statistics, Method 1
Measurement (mm) Minimum 1st Quartile Median 3rd Quartile Maximum Average St. Dev. n = 
Bizygomatic Breadth 120.0 135.0 141.0 146.0 164.0 140.7 7.6 1266
Interpupillary Distance 52.5 61.5 64.0 66.5 76.0 64.0 4.0 1266
Nasal Root Breadth 10.0 15.0 17.0 18.0 25.0 16.9 2.4 1266
Minimum Frontal Breadth 84.0 101.0 105.0 109.0 136.0 105.1 5.8 1266
Morphological Nose Breadth 22.0 33.0 36.0 39.0 54.0 36.4 4.8 1266
Nose Bridge Length 34.9 42.8 45.6 48.4 54.7 45.7 4.0 150
Anatomical Nose Breadth 30.2 33.9 35.7 37.5 50.6 36.1 3.8 150
Outer Canthal 77.7 86.7 89.2 93.0 101.9 89.5 4.8 150
Inner Canthal 27.9 33.6 35.7 37.8 44.2 35.8 3.1 150
Eye Apex to Ear (Vertical) 2.1 5.6 7.7 9.8 14.1 7.8 3.4 28
Eye Apex to Ear (Horizontal) 84.4 89.4 91.9 95.4 97.5 91.8 4.1 28
Table 2. Chinese Workers Summary Statistics, Method 1
Measurement (mm) Minimum 1st Quartile Median 3rd Quartile Maximum Average St. Dev. n = 
Bizygomatic Breadth 122.0 140.0 144.0 148.0 160.0 143.8 5.9 350
Interpupillary Distance 52.0 59.0 61.0 63.0 70.0 60.9 3.0 350
Nasal Root Breadth 14.0 16.0 17.0 18.0 22.0 17.3 1.5 350
Minimum Frontal Breadth 90.0 101.0 104.0 107.0 120.0 103.9 5.0 350
Morphological Nose Breadth 28.0 35.0 37.0 39.0 46.0 37.1 3.1 350
Nose Bridge Length 32.7 40.6 42.8 46.1 52.3 43.2 4.1 75
Anatomical Nose Breadth 34.2 38.5 40.2 42.7 50.0 40.4 3.1 75
Outer Canthal 79.6 85.5 89.3 91.0 100.4 88.8 4.5 75
Inner Canthal 30.9 35.0 36.7 38.8 44.8 37.0 2.9 75
Eye Apex to Ear (Vertical) -2.3 1.2 1.8 3.4 6.0 2.1 2.5 8
Eye Apex to Ear (Horizontal) 77.4 79.8 88.6 91.6 95.6 86.3 6.9 8
Table 3. Japanese Population Summary Statistics
Measurement (mm) Minimum 1st Quartile Median 3rd Quartile Maximum Average St. Dev. n = 
Bizygomatic Breadth 124.0 138.0 142.0 147.0 158.0 142.1 6.3 317
Interpupillary Distance 55.0 60.5 62.5 65.0 71.5 62.8 3.2 317
Outer Canthal 79.0 87.0 90.0 93.0 102.0 93.1 4.3 317
Inner Canthal 28.0 34.0 36.0 38.0 47.0 36.0 2.9 317
The findings of Method 2 are summarized in Table 4 for U.S. workers and Table 5 for Chinese Workers.  The 
column labelled “All 5%” gives the dimensions of the headform with all five principal components set to 5%.  The 
next four columns follow the same naming convention.  The “Variable %” column gives the mean values for each 
dimension calculated from the measurements of the twenty headforms whose principal components were changed 
while others were held constant.  The last column is the standard deviation of the “Variable %” column. We did not 
have 3D scans of the Japanese population and, therefore, were unable to include them in this approach.  Tables 6-8
give the measurements of the existing headforms.
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Table 4. U.S. Workers, Method 2
Measurement (mm) All 5% All 25% All 50% All 75% All 95% Variable % St. Dev.
Bizygomatic Breadth 132.4 144.0 152.1 160.9 172.8 152.3 5.3
Interpupillary Distance 58.5 62.5 63.2 68.2 71.2 64.5 2.2
Nasal Root Breadth 18.5 20.2 21.5 21.9 22.7 21.0 0.8
Minimum Frontal Breadth 93.7 101.0 108.6 111.2 119.4 105.9 4.7
Morphological Nose Breadth 39.0 39.2 39.3 40.1 40.2 39.4 2.0
Nose Bridge Length 47.5 46.4 44.5 43.1 42.0 44.8 1.2
Anatomical Nose Breadth 40.0 40.7 41.0 42.2 43.1 41.5 2.0
Outer Canthal 81.2 87.7 89.8 95.9 99.6 89.3 2.6
Inner Canthal 35.0 37.3 40.9 41.3 46.0 41.8 1.5
Eye Apex to Ear (Vertical) 7.2 8.2 7.3 8.1 8.5 7.6 1.8
Eye Apex to Ear (Horizontal) 98.9 99.9 99.5 100.5 100.3 99.5 4.3
Table 5. Chinese Workers, Method 2
Measurement (mm) All 5% All 25% All 50% All 75% All 95% Variable % St. Dev.
Bizygomatic Breadth 139.1 145.2 149.0 153.8 159.7 149.2 4.1
Interpupillary Distance 58.5 62.3 63.3 68.0 68.5 63.0 1.8
Nasal Root Breadth 17.8 18.2 18.7 19.7 21.2 18.6 0.9
Minimum Frontal Breadth 97.1 99.6 92.9 102.8 113.5 98.3 5.6
Morphological Nose Breadth 36.4 37.7 38.3 39.3 40.5 38.5 1.0
Nose Bridge Length 41.8 41.9 43.0 42.9 42.0 41.6 1.4
Anatomical Nose Breadth 38.3 39.3 40.2 40.9 41.9 40.0 1.0
Outer Canthal 85.8 90.2 92.5 95.9 97.1 87.3 2.0
Inner Canthal 34.9 37.2 39.0 39.7 41.5 39.7 1.3
Eye Apex to Ear (Vertical) 4.8 4.5 4.8 7.0 8.4 5.1 2.0
Eye Apex to Ear (Horizontal) 83.1 90.1 92.8 99.6 106.5 94.4 3.3
       
Table 6. Standard NIOSH Headforms
Measurement (mm) Small Medium Large Short/Wide Long/Narrow
Bizygomatic Breadth 131.1 136.4 150.1 141.2 137.2
Interpupillary Distance 59.5 63.3 68.2 63.1 59.8
Nasal Root Breadth 17.5 18.8 20.8 21.3 19.1
Minimum Frontal Breadth 98.2 108.1 118.4 107.3 99.4
Morphological Nose Breadth 31.9 34.3 43.3 36.1 35.8
Nose Bridge Length 42.4 42.4 47.4 39.6 49.9
Anatomical Nose Breadth 34.8 39.0 45.4 39.9 38.7
Outer Canthal 87.3 93.8 100.2 85.6 88.3
Inner Canthal 36.0 35.6 43.0 38.5 35.2
Eye Apex to Ear (Vertical) 5.9 8.7 6.3 6.3 4.4
Eye Apex to Ear (Horizontal) 82.9 93.3 96.5 96.9 101.8
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Table 7. Standard Chinese Headforms
Measurement (mm) Small Medium Large Short/Wide Long/Narrow
Bizygomatic Breadth 136.4 144.5 155.4 150.5 142.0
Interpupillary Distance 62.8 63.1 69.9 67.4 67.3
Nasal Root Breadth 18.6 18.6 21.2 18.7 18.0
Minimum Frontal Breadth 94.5 89.1 113.4 110.3 106.7
Morphological Nose Breadth 34.6 37.6 38.7 35.8 38.1
Nose Bridge Length 37.9 41.0 45.0 37.6 43.9
Anatomical Nose Breadth 36.6 40.8 40.7 37.3 39.8
Outer Canthal 89.0 86.5 96.8 102.5 92.4
Inner Canthal 36.2 36.7 43.5 35.6 42.9
Eye Apex to Ear (Vertical) 7.1 14.3 8.5 17.8 15.5
Eye Apex to Ear (Horizontal) 89.7 98.4 97.8 105.8 109.2
Table 8. Other Standard Headforms
Measurement (mm) Japanese Male Japanese Female EN 168 Small EN 168 Medium
Bizygomatic Breadth 149.9 148.8 118.8 133.3
Interpupillary Distance 63.3 64.5 57.4 61.1
Nasal Root Breadth 20.3 18.3 16.5 15.8
Minimum Frontal Breadth 103.4 106.2 95.0 101.1
Morphological Nose Breadth 34.0 36.5 35.2 --**--
Nose Bridge Length 43.4 41.3 40.4 43.8
Anatomical Nose Breadth 36.2 37.5 37.4 42.1
Outer Canthal 87.4 88.6 90.5 93.8
Inner Canthal 39.2 37.7 26.9 23.7
Eye Apex to Ear (Vertical) 3.1 5.5 --*-- --*--
Eye Apex to Ear (Horizontal) 95.4 93.1 --*-- --*--
*EN 168 headforms did not have ears **EN 168 Medium nose shape did not allow for morphological nose breadth measurement
The measurements from Method 1 were used as the basis for comparison to the current standard headforms.  As 
the tables show, the technique used in Method 2 overestimated some measurements for both the U.S and Chinese 
workers when compared to the Method 1 data (Table 9).  In other cases, the Method 2 data did not exhibit the same 
amount of variance that is seen in the Method 1 data. The largest head shape variation among the U.S. workers is 
between a small female head and a large male head. When comparing the average head for each dataset, the U.S.
average is larger than the Chinese average except the cheek area. This is also true when comparing the U.S. average 
to the Japanese data. With the inclusion of the racially diverse U.S. worker data (39% Caucasian, 36% African 
American, and 24% Hispanic), the Chinese worker data and the Japanese worker data it was believed that this data 
set could adequately represent the world population.  Representation of the workforce by the existing headforms was 
determined by the 1st and 3rd quartile and average measurements being within ±4mm of one of the headform sizes.  
Comparisons of the tables revealed that the NIOSH small, medium and large headforms can represent the world 
population variation well.  The Chinese small, medium and large headforms can also represent Japanese workers.  
However, the ear positions for the NIOSH and Chinese headforms were not representative of the population data.
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Table 9. Summary of the Method Comparison
U.S. Workers Chinese Workers
Method 1 Method 2 Method 1 Method 2
Measurement (mm) Average St. Dev. Variable % Average St. Dev Average St. Dev.
Variable % 
Average
St. 
Dev
Bizygomatic Breadth 140.7 7.6 152.3 5.3 143.8 5.9 149.2 4.1
Interpupillary Distance 64.0 4.0 64.5 2.2 60.9 3.0 63.0 1.8
Nasal Root Breadth 16.9 2.4 21.0 0.8 17.3 1.5 18.6 0.9
Minimum Frontal Breadth 105.1 5.8 105.9 4.7 103.9 5.0 98.3 5.6
Morphological Nose Breadth 36.4 4.8 39.4 2.0 37.1 3.1 38.5 1.0
Nose Bridge Length 45.7 4.0 44.8 1.2 43.2 4.1 41.6 1.4
Anatomical Nose Breadth 36.1 3.8 41.5 2.0 40.4 3.1 40.0 1.0
Eye, Outer Corners 89.5 4.8 89.3 2.6 88.8 4.5 87.3 2.0
Eye, Inner Corners 35.8 3.1 41.8 1.5 37.0 2.9 39.7 1.3
Eye Apex to Ear (Vertical) 7.8 3.4 7.6 1.8 2.1 2.5 5.1 2.0
Eye Apex to Ear (Horizontal) 91.8 4.1 99.5 4.3 86.3 6.9 94.4 3.3
4. Conclusions
New headforms were created by revising existing NIOSH and Chinese headforms for possible incorporation
into ISO SC6 standards. The ears were removed from the headforms and replaced by pegs in a location determined 
from the Method 1 data.  The headform was then rotated so that the plane passing through the apex of the eye and 
the top of the ear is parallel to the ground.  An example can be seen in Figure 2. The original NIOSH and Chinese 
headforms were designed for respiratory protective device testing.  Therefore, testing is being done to confirm the 
revised headforms’ suitability for testing eye and face protective devices.  In the future more individuals may be 
measured to expand the data set and refine the amount of variation in the population.  Designers and manufacturers 
of eye and face protective products such as safety glasses may need to consider the differences between U.S. and 
Asian workers.
Fig. 2: Revised NIOSH Medium Headform
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